The selection of patients with medically refractory temporal lobe epilepsy (TLE) for surgery depends on the concordance of data from clinical, imaging and electroencephalographic evaluation. Though clinical examination is often normal, emotional facial paresis has been described in patients with TLE. Utilizing a well-characterized group of mesial TLE (MTLE) patients, who have achieved excellent seizure outcome following anterior temporal lobectomy with amygdalohippocampectomy (ATL), we investigated the prevalence, predictive value and associations of emotional facial paresis. When compared to 8 out of 50 control subjects (16%), 36 out of 50 MTLE patients (72%) exhibited unilateral emotional facial paresis; the difference was highly significant (P < 0.0001). The presence of contralateral emotional facial paresis correctly predicted the side of ATL in 86.1% patients. The occurrence of emotional facial paresis was significantly associated with longer duration of epilepsy prior to ATL and left ATL. Our observations confirm that emotional facial parersis contralateral to the side of mesial temporal sclerosis (MTS) is a valuable localizing sign in correctly predicting the epileptogenic temporal lobe. We hypothesize that the presence of an intact right hemisphere and pathological changes more extensive than MTS may be required for emotional facial paresis to readily manifest.
INTRODUCTION
Nearly one-third of persons developing epilepsy continue to exhibit chronic recurrent seizures despite optimal treatment with antiepileptic drugs 1 . Mesial temporal lobe epilepsy (MTLE), the form of temporal lobe epilepsy (TLE) associated with mesial temporal sclerosis (MTS), is the most frequently encountered medically refractory adult epilepsy syndrome 2, 3 . The commonest surgical procedure performed to cure epilepsy is anterior temporal lobectomy with amygdalohippocampectomy (ATL) 4 . A recent randomized controlled trial conclusively established that, in medically refractory TLE patients, outcome of surgery is far superior to that of prolonged medical treatment 5 . Over 80% of carefully selected patients with MTLE become seizure-free following ATL 4, 6 .
Today, a majority of patients with medically refractory TLE can be selected for ATL based on the results of noninvasive evaluation methods such as scalp electroencephalogram (EEG), video-scalp EEG monitoring, magnetic resonance imaging (MRI) and neuropsychological findings 4, [6] [7] [8] . Concordance of MRI and interictal and ictal scalp EEG abnormalities predicts an excellent seizure outcome following ATL 4, 6 . Patients may require EEG monitoring utilizing intracranial electrodes when the results of noninvasive methods are conflicting. Invasive EEG monitoring escalates the cost of epilepsy surgery, (an important consideration especially in developing countries), and is associated with increased morbidity 9 . Therefore, any additional findings lateralizing the seizure focus would be invaluable.
Emotional facial paresis or mimic facial paresis refers to unilateral lower facial weakness during emotional expression such as smiling along with normal voluntary facial movements. Although contralateral emotional facial paresis has been observed in patients with partial epilepsy of temporal lobe origin 10, 11 , the frequency of occurrence and lateralizing significance of this clinical sign needs to be validated before recommending its routine use in presurgical evaluation.
In order to assess the value of this clinical sign in identifying appropriate candidates for epilepsy surgery, we designed a study utilizing a well-defined cohort of MTLE patients to answer the following clinical questions: (1) what is the frequency of emotional facial paresis among patients with MTLE when compared to normal subjects? (2) what is the predictive power of emotional facial paresis in correctly lateralizing the epileptogenic temporal lobe? and (3) are there any clinical variables associated with unilateral emotional facial paresis?
PATIENTS AND METHODS

Study setting and subjects
This study was undertaken at the R. Madhavan Nayar Center for Comprehensive Epilepsy Care of the Sree Chitra Tirunal Institute for Medical Sciences and Technology, situated at Trivandrum, the capital of the south Indian state of Kerala. During the past 6 years, over 350 patients have undergone surgery for medically refractory epilepsy through this facility 8 . During the study period, November 1999 to July 2001, one of the investigators (A.J.) systematically assessed the facial motor functions of all patients when they were undergoing evaluation for epilepsy surgery. Patients with resting facial asymmetry, volitional facial paresis or other focal neurological deficits were excluded. For this study, we included 50 consecutive patients who satisfied the following criteria: (1) MRI findings consistent with MTS 12 ( Fig. 1 ) and concordant interictal and ictal EEG data; and (2) seizure free or ≥90% seizure reduction for ≥6 months following ATL. Fifty age and sex matched normal subjects, (without the history of epileptic seizures), acted as controls.
Assessment of facial motor functions
We assessed the motor functions of the facial nerve among the patients and control subjects as follows. In the resting position, the patient was asked to keep an expressionless face and any asymmetry was noted. Then they were asked to demonstrate various facial movements such as raise the eye brows and wrinkle the forehead, firmly close the eyes, show the teeth, protrude and purse the lips as in whistling, and blow up the cheeks as in inflating a balloon. The emotional facial asymmetry was assessed during conversation, by provoking a smile ( Fig. 1) , by asking questions like "What would you do if you found an elephant in your bathroom? "Would you like to act in a movie?" and "You really have a good sense of humor, don't you?" The presence or absence of emotional facial paresis did not influence the selection of patients for ATL. The whole examination undertaken during the video-EEG monitoring was available for review.
Pilot testing
In order to ascertain observer bias, two investigators (A.J. and J.C.) independently examined the first 20 patients for the presence or absence of emotional facial paresis. The interobserver agreement was 80% with kappa value of 0.63. Subsequently, one investigator (A.J.) assessed all subjects and controversies were resolved by re-examination along with J.C. or K.R.
Statistical methods
We used standard deviation (SD) to define the dispersion, and t-test (2-tailed) and Fisher's exact test to evaluate the significance of the association of different clinical characteristics between patient and control groups, and between patients with and without emotional facial paresis.
RESULTS
Subject characteristics
The patients comprised 27 males and 23 females. The age at ATL ranged from 14 to 55 years and the mean duration of epilepsy prior to ATL was 17.8 years. Sixty-six percent of the patients had a history of febrile seizures during early childhood. None had an antecedent history of birth asphyxia, meningoencephalitis or major head trauma, or family history of epilepsy. All were right handed and had an IQ ≥80. The resected temporal lobe revealed hippocampal atrophy and gliosis ( Fig. 1 ) in all patients. The duration of follow up after ATL varied from 6 months to 2 years, with a median of 1 year. Forty (80%) patients were seizure free during the follow-up period, the rest had ≥90% seizure reduction. The mean age of the 50 control subjects, 23 males and 27 females, was 31.9 (range 21-47) years.
Prevalence
When compared to 8 out of 50 control subjects (16%), 36 out of 50 patients (72%) exhibited emotional facial paresis; the difference was highly significant (P < 0.0001).
Predictive value
Among the 36 patients with unilateral emotional facial paresis during the preoperative examination, this sign was contralateral to the side of the subsequent ATL in 31 patients. The presence of contralateral emotional facial paresis therefore correctly predicted the side of ATL in 86.1% patients.
Associations
The distribution of clinical variables among the groups of patients with and without emotional facial paresis is compared in Table 1 . We did not find any significant association between emotional facial paresis and the following clinical characteristics: age at epilepsy onset, age at ATL, gender, and antecedent history of febrile seizures. Patients with emotional facial paresis tended to have a longer duration of epilepsy compared to those without this sign (19.2 ± 8.0 vs. 14.4 ± 6.1 years, P = 0.048). Both the patients and the control subjects had emotional facial paresis more frequently involving the right side of the face. Out of the eight control subjects who had emotional facial paresis, seven had it on the right. While 13 of 24 (54.2%) patients with right MTLE had emotional facial paresis (on the left side in 11), 23 of 26 (88.5%) with left MTLE had emotional facial paresis (on the right side in 20) (P = 0.011).
DISCUSSION
This prospective study was designed to determine the frequency of emotional facial paresis in patients with MTLE and the lateralizing value of this clinical sign. For this purpose we selected a group of medically refractory TLE patients with unilateral MTS on MRI and concordant interictal and ictal EEG findings. The fact that these patients had become seizure free or had a substantial seizure reduction following ATL further confirmed the localization of the epileptogenic temporal lobe. The presence of MTS was verified histopathologically. Among these patients with MTLE, emotional facial paresis occurred in 72% when compared to 16% of the normal subjects. In 86% of the patients with emotional facial paresis, this sign was contralateral to the side of ATL. Therefore, the presence of emotional facial paresis in a patient with medically refractory MTLE correctly lateralizes the side of the epileptogenic focus in 86% of the patients who have this clinical sign. The presence of emotional facial paresis was significantly correlated with longer duration of epilepsy and a left mesial temporal epileptogenic focus. Our observations are generally in agreement with two previous studies that have investigated the association of emotional facial paresis with TLE. Remillard et al. 10 compared 50 patients with partial seizures of temporal lobe origin with 25 normal subjects. In their patients with unilateral temporal lobe lesions, emotional facial paresis was detected in 86% of patients, contralateral and ipsilateral to the side of lesion in 73 and 13% of the patients, respectively. Their study patients gathered prior to the MRI era did not have surgical verification, thereby casting doubt on the nature of the lesions and on the reliability of the lateralization of seizure origin. In a small group of 13 selected patients with emotional facial paresis and surgically confirmed MTLE, Cascino et al. 11 noted this clinical sign contralateral to the side of ATL in all of them.
The MTLE is the commonest surgically remediable adult epilepsy syndrome 2 . A majority of these patients can be selected for epilepsy surgery based on the data gathered through noninvasive evaluation such as MRI, interictal and ictal EEG, and neuropsychological findings 4, [6] [7] [8] . In patients with MRI evidence of unilateral MTS, scalp recorded EEG findings and neuropsychological dysfunction concordant to the side of MTS reliably lateralizes the epileptogenic temporal lobe 4, 6 . Our observations confirm that the presence of emotional facial paresis contralateral to the side of MTS in this group of patients further reinforces the lateralization. The lateralizing value of emotional facial paresis in patients with bilateral MTS or bilateral temporal EEG abnormalities 13, 14 , who often need invasive evaluation utilizing intracranial electrodes, need to be investigated before one can understand the usefulness of this clinical sign in the presurgical evaluation of these group of patients.
Although emotional facial paresis was characterized nearly a century ago 15 , the precise anatomical areas and pathways concerned with emotional facial expression have remained poorly understood even today. Lesions involving the supplementary motor area, temporal neocortex, amygdala, hippocampus, insula, operculum, anterolateral and posterior thalamus, hypothalamus and striatocapsular territory have all been associated with unilateral emotional facial paresis [16] [17] [18] [19] . The right hemisphere is considered to be more important in the generation of emotional facial movements 20 .
The pathological changes in the brain in patients with MTLE often extends beyond the mesial temporal structures, and may involve the temporal neocortex, hypothalamus, thalamus and basal ganglia [21] [22] [23] . Furthermore, the pathological changes in MTLE, characterized by neuronal loss, gliosis and deposition of corpora amylacea, can be progressive over time 3, [24] [25] [26] [27] . The positive association we observed between the duration of epilepsy and presence of emotional facial paresis may be related to more widespread pathological changes in those with longer duration of TLE. Long follow-up of MTLE patients with no emotional facial paresis would be required to see if they develop it later in life. The converse of this situation may be assumed, that TLE patients with pathological changes confined to the mesial temporal structures may be less likely to show emotional facial paresis. There was a trend for a greater number of our patients without emotional facial paresis to have had antecedent history of febrile seizures (Table 1) . It could be argued that these patients have the pathological changes confined strictly to the mesial temporal structures. In the absence of detailed MRI volumetric and quantitative histopathological studies, we could not confirm this hypothesis through the present study.
The significant association we observed between left MTLE and occurrence of emotional facial paresis has not been previously documented. Remillard et al. 10 and Cascino et al. 11 did not address this issue in their studies. Studies in normal subjects have shown that the left hemiface, controlled by the right hemisphere, moves more extensively and appears more intense during emotional facial expression than the right hemiface 20 . Studies on patients with lateralized brain lesions have also indicated an important role for right hemisphere in emotional facial expression [16] [17] [18] [19] . Even among our normal control subjects, emotional facial paresis occurred more frequently on the right side, i.e., the right hemiface appeared to move less than the left hemiface during emotional expression. Although emotional facial paresis can occur in conditions that affect or disrupt anatomic connections of either the right or left temporal lobe, we hypothesize that an intact right hemisphere (and right temporal lobe) is required for emotional facial expression and thereby the emotional facial asymmetry to be readily visible.
